This study is aimed to investigate the activity of urease (EC 3.5.1.5, urea amidohydrolase) that catalyzes the hydrolysis of urea in 5-day-old Cucurbita pepo cotyledons subjected to various concentrations of different growth regulators. The treatment of C. pepo cotyledons with different concentrations (100-600 µmol) of different auxins [indole-3-acetic acid (IAA), indole butyric acid (IBA), indole propionic acid (IPA) and naphthalene acetic acid (NAA)]; or with different concentrations (100-300 µmol) of different cytokinins [kinetin, zeatin and benzyladenine (6-BA)] resulted in a significant increase of urease activity, compared to control. The optimal effects were recorded for each of 500 µmol of IAA and 300 µmol of zeatin treatments. A gradual increase in urease activity was detected in cotyledons treated with various concentrations (0.2-1.0 mM) of 28-homobrassinolide (HBL), in relative to control. A substantial increase in urease activity was observed in cotyledons subjected to different concentrations of triazole (10-60 mg L -1 ), containing either triadimefon (TDM) or hexaconazole (HEX), compared to control. The combination of 300 µmol zeatin with any of protein inhibitors, namely 5-fluorouridine (FUrd), cordycepin and α-amanitin, resulted in the alleviation of their inhibitory effect on the urease activity.
INTRODUCTION
The growth and development of plants are mediated by coordination of different metabolic processes that are catalyzed by different enzymes such as urease [34] . Ureases are nickel-dependent enzymes [13] , and have been isolated from a wide variety of organisms including plants, fungi and bacteria [40] . Urea received by plants as nitrogen source from soil, released from the ornithine cycle and derived from ureides and arginine produced in cytokinins metabolism [30] . Urea cannot be used directly in plant metabolism and its accumulation cause leaf burning [8] . Urease detoxifies the harmful effect of urea by catalyzing the hydrolysis of urea to form ammonia (NH 3 ) and carbon dioxide [27] . Ammonia is subsequently transformed into ammonium (NH 4 + ) and nitrate (NO 3 -) ions. It may function coordinately with arginase in the utilization of seed protein reserves during germination [30] .
Plant hormones regulate the growth and development of plants through alteration metabolic processes. Auxins belong to chemically diverse compounds, most of which have an aromatic system such as indole, phenyl or naphthalene ring with a side chain containing a carboxyl group attached [9] . IPA stimulates plant growth and development, as it converted into active IAA in the tissues. IBA which is identical with IAA except two additional side chain methylene groups and classified as synthetic auxin is an endogenous plant compound. NAA is a synthetic plant growth regulator with high auxin activity [4] . Auxin compounds increased the activities of nitrogen assimilating enzymes as nitrate reductase (NR) and glutamate dehydrogenase (GDH) [31, 35] .
Cytokinins may have role to coordinate root and shoot development, as they may receive long distance signal in the perception of nutrients like NO 3 by roots and the subsequent response of shoots [32] . Kinetin and zeatin were used to induce callus capable of bud formation [25] . Benzyladenine increased the resistance of plants against environmental stresses, for example it increased RuBPCase activity of wheat seedling under water deficit [39] . Triazole plant growth regulators are potent gibberellins biosynthesis inhibitors and shoot growth retardants and responsible for many other responses in plants [18] . For example, triazole compounds improve plant stress tolerance [17] . Triadimefon and triadimenol, early commercialized demethylationinhibiting fungicides (DMIs), result in growth inhibition of roots, shoots and coleoptiles of barley and wheat seedlings, primary leaves and internodes [6, 28] .
Brassinosteroids (BRs) have a broad spectrum of cellular and physiological effects, including stem elongation, pollen tube growth, leaf bending, root inhibition, fruit development, ethylene biosynthesis, proton pump activity, xylem differentiation, photosynthesis, and gene expression. Moreover, BRs are included in plant tolerance to a variety of biotic and abiotic stresses [45] .
Benzyladenine obviated the effect of inhibitors of RNA and protein synthesis was dependent on transcriptional and translational processes [29] . Imbibition of Arabidopsis seeds in water containing urease inhibitor delayed germination by 36 h and completely blocked germination of aged seeds. This inhibition could be abolished by supplying nitrogenous compounds into the imbibition medium [48] . Plant systems have not been amenable to the use of amatoxins for the selection of RNA polymerase II mutants, although all of the RNA polymerase II activities which have been purified from plants show a sensitivity to inhibition by α-amanitin similar to the enzyme from animal sources [10] .
This study aimed to investigate the stimulatory effects of different plant growth regulators [auxins (IAA, IBA, IPA and NAA), cytokinins (kinetin, zeatin, 6-BA), HBL and triazoles (TDM and HEX) on urease activity of 5-day-old C. pepo cotyledons. The alleviation of harmful inhibitory effects of protein inhibitors (FUrd, cordycepin and α-amanitin) on urease activity via combination with zeatin was studied.
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MATERIAL AND METHODS
Plant materials
Pure strain of Cucurbita pepo L. seeds (marrow, family Cucurbitaceae) was obtained from Egyptian Ministry of Agriculture.
Seed germination and growth conditions
Seeds were germinated according to El-Shora and ap Rees [15] . Seeds of C. pepo were surface sterilized in 10% sodium hypochlorite for 10 min, soaked in running tap-water for 24 h, and then germinated between paper towels, moistened with distilled water in sterilized plastic trays. The trays were covered and incubated in darkness at 25 °C for 48 h. Seeds with well-grown roots were then supported on plastic bowls containing continuous and vigorously aerated 0.2 mM CaCl 2 solution. Seeds were grown for further 48 h in light at 25 °C.
Auxins treatments
Five-day-old C. pepo seedlings were incubated in Petri dishes, with 20 ml of distilled water (control) or with 20 ml of different concentrations (100-600 µM) of each of IAA, IBA, IPA and NAA for 72 h at 25 °C.
Cytokinins treatments
Five-day-old C. pepo seedlings were incubated with 20 ml of distilled water (control) or with 20 ml of each of kinetin, zeatin and 6-BA at various concentrations (100, 200 and 300 mM) for 72 h at 25 °C.
HBL treatment
Five-day-old C. pepo seedlings were incubated with 20 ml of distilled water (control) or with 20 ml of various concentrations (0.2, 0.4, 0.6, 0.8 and 1.0 mM) of HBL for 72 h at 25 °C.
Triazole treatments
Five-day-old C. pepo seedlings were incubated with 20 ml of distilled water (control) or with 20 ml of each of TDM and HEX at various concentrations (10-60 mg L -1 ) for 72 h at 25 °C.
Protein inhibitors treatments
Five-day-old C. pepo seedlings were incubated with 20 ml of distilled water (control) or with 20 ml of each of 5 µmol FUrd, 5 µmol cordycepin and 20 µg ml -1 α-amanitin in absence or in presence of 300 µmol zeatin for 72 h at 25 °C.
Enzyme extraction and assay
After the incubation period, the cotyledons and roots of 8-day-old plants were excised with a razor blade and kept on ice to be used for enzyme extraction immediately. The tissue was ground with a pestle and mortar at 0-4 °C using 50 mM sodium acetate buffer (pH 6.0). The homogenate was centrifuged at 5000 g for 15 min, and the supernatant was collected and represents as the crude extract. urease activity was assayed according to El-Shora [14] . The reaction mixture contained 0.1 M-Tris-HCl buffer (pH 8.0), 20 mM urea, 2 mM CaCl 2 , and the enzyme was incubated for 30 min at 30 °C. The reaction was stopped by adding 10 ml of 1 N H 2 SO 4 to the mixture. The samples were centrifuged at 3000 g and treated with Nessler's reagent. The ammonia concentration was determined on the basis of a standard curve previously obtained with ammonium sulfate. One unit (U) of urease activity was defined as the amount of enzyme liberating one μmol NH 3 in one minute at 40 °C at the above specified conditions. Specific activity of urease is defined as the unit per mg protein.
Determination of protein content
Total protein in the extract was determined by the method of Lowry et al. [26] .
Statistical analysis
All the data are expressed as mean ± SE obtained from three measurements. The data were subjected to one-way ANOVA, tests at the 5% level (p ≤ 0.05) of significance using the SPSS version 22.0 for Windows. The post-hoc Turkey test for mean comparison was performed, for a 95% confidence level, to test for significant differences among treatments.
RESULTS
The response of urease activity in 5-day-old C. pepo cotyledons subjected to different concentrations of auxins, cytokinins, triazole, HBL and protein synthesis inhibitors for 72 h was conducted in this study. The results showed a positive response of urease activity for IAA, IBA, IPA and NAA treatments as displayed in (Fig. 1A, B, C and D) . The greatest increase in urease activity was recorded when applying 500 µmol IAA and IBA treatments respectively. The activity was 54.14 and 40.04 U • mg -1 protein representing about 3.5-and 2.6-fold increase, compared to the control, respectively. However, the greatest significant increase of urease activity in cotyledons subjected to different concentrations of IPA and NAA respectively, was recorded with 400 µmol IPA and NAA-treatments respectively. The activity was 41.9 and 39.34 U • mg -1 protein respectively representing about 2.7-and 2.5-fold increase, compared to the control. The experimental results revealed that all applied concentrations (100, 200 and 300 µmol) of kinetin, zeatin and 6-BA caused significant increase in the urease activity of C. pepo cotyledons (Fig. 2A, B and C) , compared to control. The greatest significant increases in urease activity were detected in cotyledons treated with 200 µmol kinetin, 200 µmol 6-BA and 300 µmol zeatin, which resulted in up to 1.7-, 1.52-and 2.9-fold enhancements, compared to the control, respectively.
The results represented in Figure 3 shows the stimulatory effect of HBL on urease activity of 5-day-old C. pepo cotyledons. Urease activity was increased gradually with the increase of HBL concentration. The optimal increase in urease activity was observed in C. pepo cotyledons subjected to 1.0 mM HBL, when it increased up to 31.2 U • mg -1 protein representing about 2-fold the control.
Results in Fig. 4 show the response of urease activity of C. pepo cotyledons subjected to different concentrations of TDM and HEX respectively. All applied TDM and HEX treatments enhanced the urease activity, compared to control. The most effective TDM-treatment was 40 mg L -1 that caused the maximum significant increase in urease activity up to 26.73 U • mg -1 protein, about 1.66-fold the control. However, 50 mg L -1 HEX treatment was more effective and enhanced the urease activity up to 33.3 U • mg -1 protein about 2.1-fold the control.
Results in Table 1 show that both FUrd, cordycepin and α-amanitin caused a substantial and significant decrease in the urease activity in C. pepo cotyledons in relative to control. However, the most harmful effect was that of α-amanitin, when urease activity decreased to 35.6% in relative to control. The combination of 300 µmol zeatin that resulted in optimal increase in urease activity (about 2.9-fold the control) with each of the protein synthesis inhibitors caused an improvement in urease activity all over. Zeatin combination was more effective with cordycepin as it improved urease activity from 8.4 U • mg -1 protein (relative activity about 53.5%) to 32.4 U • mg -1 protein (relative activity about 206.3%). 
DISCUSSION
In the present investigation, the treatment of 5-day-old C. pepo cotyledons with different concentrations of each of IAA, IBA, IPA and NAA resulted in a significant increase in the urease activity, compared to control. IAA was the most effective in stimulating urease activity. Optimal urease activity was observed in cotyledons subjected to 500 µmol IAA, it was about 3.5-fold higher than the control. In agreement, with it IAA, NAA, IPA, IBA and indole lactic acid enhanced the activity of GDH in pea plants and NR in leaves of a tree legume [31, 35] , as well as sucrose synthase and sucrose phosphate synthase in chickpea cotyledons [36] . In contrast, NR activity in IAA-treated Hordeum vulgare showed no response [24] . In previous studies, auxins as IBA, 2,4-D, and NAA induced the rapid cell proliferation when they were used in tissue culture. But long time exposure to high concentrations of IBA, 2,4-D and NAA caused the suppression of morphogenesis [7] . The stimulatory effect of auxin compounds on urease activity may be resulted from the enhancement in the protein synthesis through increasing ammonium assimilating potential [3] . Other important mechanisms could explain the stimulatory action of auxins such as phosphorylation mechanism which is confirmed by higher sensitivity of in vitro NR to magnesium [43] .
The treatment of C. pepo cotyledons with different concentrations of each of kinetin, zeatin and 6-BA revealed that zeatin treatments were more effective in stimulating the activity of urease (Fig. 2) . The optimal urease activity was recorded in 300 µmol zeatin-treated cotyledons, it was about 2.9-fold higher than that of the control. In agreement with this, exogenous supply of benzyladenine enhanced NR activity in Hordeum vulgare [24] and in wheat leaves [21] . In addition, it was stated that BA induced the formation of protocorm like bodies (PLBs) and shoot formation from leaf segments of Aerides odorata [20] . Kinetin treatment improved seed germination and seedling growth in pea under salinity stress [38] .
Cytokinins such as 6-BA, zeatin and 2-isopentyladenine were efficient elicitors in stimulating phosphoenolpyruvate carboxylase (PEPCase), the key enzyme in crassulacean acid metabolism (CAM); proline and pinitol accumulation and an osmotinlike protein in Mesembryanthemum crystallimum [37, 42] , a halophyte, and PEPCase and carbonic anhydrase in maize, a glycophyte [41] . The stimulatory effects of cytokinins compounds exerted on urease activity may be realized via an increase in protein synthesis by stimulating the RNA polymerase activity [2] , and/or via delaying the protein degradation by inhibiting ribonucleases [44] . Under stress conditions, cytokinins enhanced chloroplast development and synthesis of photosynthetic enzymes, prevents leaf senescence through the promotion of protein synthesis [12] .
Urease activity of 5-day-old C. pepo cotyledons subjected to different concentrations of HBL exhibited a gradual increase with the increase in HBL concentration. The greatest urease avtivity was detected in 1.0 mM HBL-treated cotyledons; it was about 2-fold higher than the control value. Such enhancement effect may be associated with an increased activity/amount of other Calvin-Benson cycle enzymes. However, BRs application resulted in increasing the activity of Rubisco as well as the activity of phosphoenolpyruvate carboxylase in soybean plants and stimulating the potential rate of RUBP regeneration in cucumber leaves [45, 47] . Also, Cicer arietinum plants produced from BRs pretreatmed seeds possessed higher leaf nitrate reductase and carbonic anhydrase activities, higher dry mass, higher nodule number and more nodule fresh and dry mass, compared to water soaked, control [1] .
In this study, the application of different concentrations of each of TDM and HEX caused a positive response in urease activity of C. pepo cotyledons, compared to control. The optimal urease activity was recorded in 50 mg L -1 HEX-treated cotyledons where urease activity was about 2.1-fold of the activity of untreated cotyledons. In agreement with it, triazole compounds increased the activities of other plant enzymes such as amylase and invertase [5, 23] . Induction of urease activity by triazole compounds could be mediated by a reduction in free radical damage and increase in antioxidant potentials and enzyme activities [22] . Triazole compounds can inhibit GA 3 biosynthesis and in turn make substrate available for the synthesis of other isoprenoid pathway compounds like abscisic acid and or cytokinin [16] .
The treatment of C. pepo cotyledons with 5 µmol both of FUrd and cordycepin or with 20 µg • ml -1 α-amanitin resulted in a sharp significant decrease in urease activity, compared to control. Interestingly, the combination of any of FUrd, cordycepin or α-amanitin with 300 µmol zeatin ameliorated their inhibitory effect for great extent. Studies showed that each of cordycepin, actinomycin D, and α-amanitin has counteractive effects including stabilization [33] . However, cordycepin was the most effective inhibitor, as inhibiting the induction of five sugar-inducible genes by sucrose [46] and increasing GLU and CHN RNA degradation [19] . Early studies revealed that FUrd reduced rRNA and DNA synthesis by 60 to 70% without affecting embryo growth to 24 h and α-amanitin application inhibited mRNA synthesis about 80% while embryo growth up to 36 h was inhibited by only 20% [11] . So, the inhibition of urease activity could be resulted from RNA degradation and consequently urease protein synthesis.
In conclusion, phytohormones [auxins (IAA, IBA, IPA and NAA); cytokinins (kinetin, zeatin and 6-BA); HBL; triazole (TDM and HEX)] stimulated the urease activity in 5-day-old C. pepo cotyledons. The greatest increase in urease activity in response to phytohormones was recorded in 500 µmol IAA and in 300 µmol zeatintreated cotyledons. Combination each of FUrd, cordycepin and α-amanitin with 300 µmol zeatin resulted in high amelioration of their inhibitory effects on urease activity. Combination of zeatin with cordycepin was the best, whereas it resulted in increasing the relative activity from 53.5% up to 206.3%.
